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ALTERED FRACTIONATION RADIOTHERAPY IN LOCALLY ADVANCED
HEAD AND NECK CANCERS; A REVIEW

Thiti Swangsilpa, M.D.*,
Pramook Phromratanapongse,M.D.*,
Ketkamol Punkosol, B.Sc.*

Abstract

Altered fractionation radiotherapy has been used to treat locally advanced head
and neck cancers for many years. There are 3 types of altered fractionation;
a) hyperfractionation b) accelerated fractionation, which is divided into 4 subtypes,
and ¢) chemoacceleration. This paper is a review of the results of phase I, II, III clinical
trials in each type of altered fractionation radiotherapy in locally advanced head and

neck cancers. The ongoing protocol study of current EORTC and RTOG trials are also
shown.

" Department of Radiation Oncology, Phramongkutklao Hospital
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The clinical trials in altered fractionation
radiotherapy in locally advanced head and neck
cancers have been studied for many years.
From the year 1970°s to early 1980s, the
studies of altered fractionation radiotherapy
were phase LII clinical trials focusing on
hyperfractionation with a limit in the number
of cases and no long term follow up reported.
Accelerated fractionation has been studied
after 1980. Clinical phase III trials were begun
in late 1980’s to compare the results between
altered and standard treatment regimen. After
1990, the use of concomitant chemotherapy and
altered fractionation radiotherapy has been
reported. By now, the clinical trials are still
ongoing and getting close to draw a conclusion
of the proper altered fractionation treatment
regimen for locally advanced head and neck
cancers.

The altered fractionation radiotherapy
schedules can be divided into 3 types
1) Hyperfractionation
2) Accelerated fractionation

A) Continuous hyperfractionated
accelerated radiotherapy ( CHART )

B) Split course accelerated treatment

C) Concomitant boost

D) Escalating dose
3) Chemoacceleration

Hyperfractionation radiotherapy
The basic rationale of hyperfractionation
regimen is to use a small dose per fraction to
allow higher total dose within the tolerance of
late responding tissue that can be translated into
higher biological effective dose of tumor.

Phase LII clinical trials
The earlier clinical trials in phase I,II

hyperfractionated radiotherapy in locally
advanced head and neck cancers were limited
in the number of patients and no long term
follow - up reported.?3® Horiot et al.® collected
103 cases of locally advanced head and neck
cancers treated by twice a day regimen using a
dose per fraction of 1.15 Gy to 1.25 Gy up to
70 to 80.5 Gy. The acute side effects were
accepted. The result showed an improvement
in 5-year locoregional control rate when using
a total dose of 80.5 Gy compared with less than
80 Gy (P= 0.05). However, there was no firm
conclusion from this study. Meoz et al. © used
a bid regimen of 1.1-1.2 Gy per fraction to
a total dose of 60-75 Gy in 5-6.5 weeks. They
found 1-year local control rate at primary
site, and nodal areas being 41% and 54%
respectively, and 3-year disease free survival
being 40%. Parsons et al.”39 reported higher
5-year local control rate when using bid
regimen of 1.2 Gy per fraction to a total dose
of 74.5-76.8 Gy compared to historical control
by conventional regimen in the treatment of
locally advanced head and neck cancers,
especially in hypopharyngeal and T2-3
laryngeal carcinoma. The most famous study
of hyperfractionation phase LII clinical trial
was the RTOG protocol 83-13.49 This study
used a bid regimen of 1.2 Gy per fraction with
a total dose of 67.2, 72, and 76.8 Gy. The data
showed 2-year locoregional control rate 25%,
37%, and 42% respectively with no significant
difference in major late side effect and survival
between 3 arms. The locoregional control rate
using the bid regimen with a total of 67.2 Gy
was comparable to 66-74 Gy of conventional
fractionation. After continuing the study for the

- period of time, the arm with a total dose of

81.6 Gy was added. The final conclusion



showed no significant difference in acute side
effect and survival rate at 1 or 2 years between
4 arms. However, 2-year locoregional control
rate from the 67.2 Gy arm was significantly
lower than the other three arms ( 25% vs
43-45%, P= 0.01) and more significant side
effect noted when using the interval between
fraction less than 4.5 hours.!V

Phase I1I clinical trials

Many phase III clinical trials were
studied to compare the results of treatment
between hyperfractionation and conventional
radiotherapy in locally advanced head and neck
cancers. The RTOG protocol 79-13%? showed
no significant difference in 2-year locoregional
control and survival rate between two treatment
arms, using 1.2 Gy per fraction, bid, to a total
of 60 Gy in 5 weeks versus conventional fraction
to a total dose of 66-73.8 Gy in 7-8 weeks. For
severe acute mucositis and major late side
effect, no significant difference noted either.
However, there was a significant difference
in acute and late side effect when compared
the interval between fraction more than 4.5
hours to lesser. From the reports of Horiot® and
Datta; the locoregional control rate was better
in the hyperfractionation than conventional
fractionation. Sanchiz et al."' noted that the
median duration of response to treatment or
survival rate using hyperfractionation or
concurrent chemoradiotherapy was better than
conventional radiotherapy alone. Pinto et al.(®),
found the subset of patients with oropharyngeal
carcinoma stage III - IV who had a better
trend to increase survival when treated
by hyperfractionated regimen. This group
was those who had Karnofsky performance

status more than 70, nodal status N, and
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non base of tonque carcinoma. The trend
to increase survival was noted in patient
with stage III, not in stage IV. From EORTC
Protocol 22791,97 Horiot et al. noted that
5 - year local control rate was better for
oropharyngeal carcinoma (which excluded
base of tonque lesion) stage T, N, (not for T,)
, treated by hyperfractionated radiotherapy.
Although the survival rate was not significantly
different, increasing in locoregional control
showed a trend to increase survival in the
patient treated by hyperfractionated regimen.
From those reported above, severe acute
mucosal reaction was noted when using
hyperfractionated regimen, but no significant
difference in major late side effect from
conventional fractionation.

Accelerated fractionation

The basic rationale for accelerated
fractionation is that the reduction in overall
treatment time will decrease the opportunity
for tumor cell regeneration during treatment
therefore increase in the probability of tumor
control for a given total dose. This can
be translated into the gain in therapeutic ratio,
while the acuted side effect remains tolerable
and no change in late side effect.(V

Accelerated fractionation is divided
into 4 types:

Type A Continuous hyperfractionated
accelerated radiotherapy (CHART)

Type B Split - course accelerated
fractionation schedules

Type C Concomitant boost regimen

Type D Escalating dose regimen
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Type A CHART
Phase LII clinical trials

From the reports of Penacchia®,
Svoboda"®, Olmi® and Lamb®", using a
regimen of 1.7-2.3 Gy per fraction, tid, with
an interval between fraction ranging from
3 to 6 hours, to a total dose of 48-55 Gy
in 9-12 days, the results of treatment were
not better than that of the previous one from
conventional fractionation, except more severe
mucositis was detected. Sanders et al.??,
using a 1.4 -1.5 Gy per fraction, tid, 6 hours
interval, to a total dose of 50.4 - 54 Gy in
12 days, found complete response rate at
primaries and nodes 90% , and 3 - year
locoregional control rate around 49%, both of
which were significantly better than previous
data of conventional fractionation. Although
severe mucositis was still detected, decreasing

in late xerostomia was also noted.

Phase III clinical trials

Awwad et al® found no significant
difference in 3 - year disease free survival
between accelerated fractionation by using a dose
1.4 Gy per fraction, tid, 6 days/ week, to a total
dose of 42 Gy in 30 fractions in 11 days and
conventional fractionation of 50 Gy in 5 weeks
for postoperative radiation treatment in locally
advanced Tz’ T i NO_ 5 head and neck cancers.
Concerning about tumor labelling index
(TLI) of more than 10.4%, the higher survival
probability was noted in accelerated
fractionation. The MRC trial® reported no
difference in locoregional control , disease free
interval and survival between accelerated and
conventional fractionation, but the margin of
primary control was favored in the accelerated
fractionation arm. The subgroup which
showed a greater response in the accelereted
fractionation treatment was a younger case and
more advanced primary lesion of laryngeal
carcinoma (as shown in table 1). A decreasing
in severe late morbidity was also noted in the

accelerated fractionation arm.

Table 1 Larynx, % local control

CHART Conventional fraction P value
T5 72 72 no significant
T, 66 32 0.001
T 73 22 0.011

The Princess Margaret trial?® showed
the result of treatment comparing between
1.45 Gy, bid, to a total dose of 58 Gy/ 4 weeks
(arm A) versus 2.55 Gy once a day to a total
dose of 51 Gy/ 4 weeks (arm B) as in table 2.

The significant improvement of local
control in arm A was noted when tumor size
was less than 4 cm. and the best improvement

was shown in hypopharyngeal carcinoma.
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Table 2 % local control

arm A arm B P value
tumors < 4 cm. 54 42 0.04
tumors > 4 cm. 38 41 ‘
all sized 45 40 0.16

Type B split course accelerated
treatment

The rationale for split course regimen
is that resting period during the course of  ra-
diotherapy will allow normal tissue to recover
to decrease side effect from treatment.

Wang®@ reported an improvement in
3-year locoregional control rate of T3, T " with
node positive oral cavity, oropharyngeal and
laryngeal carcinoma using a bid regimen of

1.6 Gy per fraction, with a resting period of

2 weeks at 38 Gy , to a total dose of 64-67.2 Gy
(compared to historical control by conventional
treatment).

In 1988?® he showed the result of
3-year locoregional control using split period
during twice daily fractionation compared
with a twice daily, split period, followed
by once a day treatment. The improvement of
locoregional control in bid-bid regimen was
shown in table 3

Table 3 % locoregional control (LRC)

bid-bid bid-qd P value
3-year LRC 85 56 0.0013
T, 97 81 0.53
T,, 77 47 0.017
N 93 46 0.00043

0

In proceeding ASTRO 1995, Wang
reported the factors which adversely affected the
local control when using split course regimen
for treated T, oropharyngeal and laryngeal
carcinoma. Those factors were; prolong gap
period for more than 14 days, overall treatment
time more than 45 days, total tumor dose
below 67 Gy, and male gender.®*2» The
EORTC protocol 22851 designed a phase III

trial®® and compared the result treatment
between conventional fractionation of 70 Gy
in 7-8 weeks (arm A), versus split course
regimen using 1.6 Gy per fraction, tid , with a
12-14 days rest at 28.8 Gy, to a total dose of 72
Gy in 45 fractions in 5 weeks (arm B). When
excluded hypopharyngeal carcinoma, the
complete response rate at 4 weeks was 59% in
arm A versus 46% in arm B ( P=0.032) which



18 VSN

referred to a 22% decreasing in locoregional
failure, and a gain of 13% in 5-years survival
rate over conventional fractionation. The
benefit was shown in the tumor of N, , with
any T and T, with any N. This study was
concluded that the specific survival had a
trend to favor in arm B (P= 0.06), however,
the acute and late effects were increased in
accelerated fractionation treatment.

Type C Concomitant boost regimen

The concomitant boost regimen is to
use a shrinking field radiation treatment added

into large conventional field during the last
2-3 weeks of the treatment schedule.

Most of the phase LII trials about
concomitant boost regimen showed the
acceptable result of locoregional control rate
while severe mucositis was striking. ¢!-323334
Ang et al® found that, a concomitant boost
regimen had a benefit in 2-year actuarial
survival rate when a booster dose was added
during the last 2 weeks of conventional
fractionation, not during the first 2 weeks or
during the treatment course (table 4).

Table 4 2-year actuarial locoregional control

Arm Primary neck
RT(%) +Surgery(%) RT(%) +Surgery(%)
1+2 66 73 76 80
3 79 86 75 89

2-year actuarial survival rate in arm 3 ~ 75%, arm 1+2 ~ 55% (P=0.11)

arm 1 = boost during 5-6 weeks
arm 2 = boost during first 2 weeks

arm 3 = boost during last 2 weeks

This concomitant boost regimen was
used to treat the T, , oropharyngeal carcinoma
later®®, which resulted in 72 % 4-year
locoregional control rate (increased to 81% with
asurgical salvage). However, the side effect from
the treatment was striking (severe mucositis
longer than 6 weeks 7%, need tube feeding
10%, and moderate to severe late effect 5%).
A phase III studied by Schmidth- Ulrich®”
showed a 3-year actuarial local control rate of
67% in concomitant boost regimen versus only

40% in conventional fractionation (P= 0.03).
This increase in actuarial local control rate was
also translated into the gain in actuarial disease
free survival (64% vs 40%, P=0.04). Johnson
et al. ®® found the improvement in actuarial
local control rate using concomitant boost
regimen in the tumor which had a volume more
than 30 cm3. The RTOG protocol 88-09¢9
compared the result of treatment between split
course accelerated hyperfractionation and
concomitant boost accelerated fractionation.



No significant difference in locoregional
control, disease free survival and survival noted
between 2 treatment regimens (2-year
locoregional failure 50%, survival 50% and

disease free survival 40%).

Type D Escalating dose

This type of accelerated fractionation
is the regimen which increase the radiation
dose progressively in each week during the
treatment course. This method is assumed that
normal mucosal cells can tolerate radiation
treatment better than intensive treatment
during the course of treatment progress,
that is, the overall treatment time can be
reduced whereas the total tumor dose is still
the same.

Few studies with a limited number
of cases were reported about this type of

accelerated treatment.“%*) The results only
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showed the high complete response rate in each
trial. Long term followed-up was noted in one
study“? which found 3-year local control

rate 60% and 3-year survival rate 73%.

Chemoacceleration

Chemotherapy was used concurrently
with altered fractionation to enhance the
radiation effect and improve the results of
treatment. Many trials**® used cisplatinum
based regimen as a base line chemotherapy,
which resulted in complete response rate
more than 90%. Some authors reported
about high morbidity rate which referred to
poor treatment outcome.“4® Brizel et al.“%
compared the 3-year result of treatment
between hyperfractionation with and without
concurrent chemotherapy as shown in

table 5.

Table 5 Result of treatment between HFx +C vs HFX

HF, + C HF, P value
3-year LRC 70% 40% 0.01
3-year RFS 61% 41% 0.08
3-year OS 55% 34% 0.07
Confluent mucositis T7% 75%

*HF, = hyperfractionation 1.25 Gy bid, total dose 75 Gy/ 6 weeks

HF,+C = hyperfractionation 1.25 Gy bid, total dose 70 Gy/ 6 weeks
with Cisplatin 12 mg/ m? + 5 FU 600 mg/ m? on week 1,6
and 2 cycles after complete radiotherapy ‘

LRC = locoregional control

RFS recurrence free survival

oS overall survival
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Ongoing protocol

The current EORTC trial ®® designed
4 arms treatment of locally advanced head
and neck cancer to compare between standard
and hyperfractionated arms with and without
concomitant chemotherapy, with 5 fluorouracil
and cisplatinum being the commonest. The
4 study arms are shown below.

Arm1 70 Gy/ 35 fx/ 7 weeks
Arm 2 80.5 Gy/ 70 fx/ 7 weeks
Arm 3 Arm 1+ CDDPx3
Arm 4 Arm 2+ CDDPx3

The RTOG protocol 90-03¢Y  was
begun in 1990, comparing the result of
treatment of locally advanced head and neck
cancer between 4 arms study of

a) standard fractionation 70 Gy/ 35 fx/ 7weeks

b) hyperfractionation 81.6 Gy/ 68 fx/7 weeks
(1.2 Gy, bid )

c) split accelerated fractionation 1.6 Gy,
bid; total dose 67.2 Gy/ 42 fx/ 6 weeks
(2 weeks rest at 38.4 Gy )

d) concomitant boost regimen 1.8 Gy/
day + 1.5 Gy boost in last 12 days; total
dose 72 Gy / 42 fx/ 6 weeks.

The goal of this trial was 1080 patients.
The final results from these 2 study
protocols have not been reported yet. We hope
that the results from these trials will determine
the direction of treatment of locally head and

neck cancer in the future.
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ABSTRACT

LATE RECTAL COMPLICATIONS IN PATIENTS WITH
CARCINOMA OF THE CERVIX TREATED WITH
RADIOTHERAPY ALONE

I Chitapanarux,
V Lorvidhaya,
S Thongsawat*,

T Chitapanarux*,
S Wanwilairat.

Purpose: To evaluate the frequency and severity of late rectal complications in cervical cancer
patients treated with radiotherapy alone, combination of external beam irradiation and high
dose rate intracavitary radiation, at Section of Radiation Oncology, Faculty of Medicine,
Chiang Mai University and to assess the correlation between the biological effective dose
(BED) to the rectum and the development of late rectal complications.

Materials and Methods: Between January 1995 and June 1997, 76 patients with cervical
cancer stage IB to IIIB treated with radiotherapy alone were included. Radiotherapy
consisted of 40-60 Gy external beam radiation plus 4-6 high dose rate intracavitary to a total
dose of approximately 30 Gy to point A, defined as 2 cm. above the external os and 2 cm.
lateral to the axis of the intrauterine tube. Patient characteristics, radiation parameters and
symptoms of late rectal complications were collected from the medical records. Severity of
late rectal complications were clinically graded according to RTOG late morbidity grading
scheme and endoscopically graded according to Gilinsky classification. Correlation between
clinical and endoscopic grading, biological effective dose and late rectal complications were
assessed.

Results: With a median follow up time of 13 months, the overall rate of late rectal
complications (RTOG grade 1-4) was 34% (26 of 76 patients). The median time for
development of complications was 9 months after completion of treatment. Twelve percent
of patients had high grade late rectal complications (RTOG grade 3, 4). All patients who
were selected for sigmoidoscopy had histologically proven for radiation proctitis. Clinical
RTOG grading significantly correlated with endoscopically grading. The correlation
between the biological effective dose delivered to the rectal reference point and the
development of late rectal complications shows a strong dose-response with a threshold for
complications occurring at approximately 100 Gy3 and a complication probability of 309%.

Conclusion: This investigation revealed a significant correlation between the biological
effective dose and the development of late rectal complications in patients with carcinoma
of the cervix undergoing radiotherapy alone. Using the linear-quadratic model applied
for our clinical results, we have established a threshold for the incidence of late rectal
complication. The threshold is consistent with other studies.

Section of Radiation Oncology, * Division of Gastroenterology, Chiang Mai University,
Chiang Mai. Thailand
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INTRODUCTION

Cervical carcinoma is not only the
most Common cancer Occurring among women
in Thailand but also a leading cause of death.
In 1994, this cancer ranked second for
females cancer and ranked third for cancer
related deaths in Maharaj Nakorn Chiang Mai
Hospital® , Chiang Mai, Thailand.

The standard management of patients
with early cervical carcinoma (Stage I-early
ITA) is surgery. The role of curative surgery
diminishes once cervical cancer has spread
beyond the cervix and vaginal fornices (Stage
IIB-1V). Intracavitary radiation for central
pelvic disease, and external-beam radiation
therapy for lateral parametrial and pelvic
nodal disease, are typically combined to
encompass the known patterns of disease
spread with an appropriate dose, while
sparing the bladder and rectum from
receiving full radiation doses."”

Radiation enteritis which was first
described in 1897 is one of the most dread
complications of radiotherapy because it is so
difficulty to treat."” It can occur in two forms.
First, acute injury is seen in up to one half
of patients during, or shortly following
radiotherapy treatment. It is primarily a
direct injury to the gastrointestinal mucosal
cells. Symptoms include pain, cramping
and diarrhea but these will usually resolve
themselves over a 2-6 month period.®
Second, chronic injury becomes manifest
after a latent period of several months to

several years in 2-5% of patients receiving
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radiotherapy.*"™'> The extent of gastrointestinal
injury depends on the physical characteristics
of radiation exposure. The characteristics
include dose rate, fractionation of therapeutic
dose over days or weeks, field size, type of
radiation and corresponding linear transfer.
The rectum and rectosigmoid colon are most
commonly involved, due to their proximity to
the pelvic organ and their relative immobility.
Chronic radiation damage to the rectum
and rectosigmoid colon is presented as
proctocolitis with bloody diarrhea, tenesmus
or cramping pain, or it may be presented
as an ulcer, stricture formation, obstruction,
or fistula formation into the bladder or
vagina. It occurs most commonly following
radiation treatment of gynecologic or prostatic
malignant neoplasm.

Radiation proctitis is a clinical
syndrome occurring beyond the sixth month
after completion of the treatment which is
characterized by rectal irritation or tenesmus,
presence of mucus or blood in the stool
and frequent bowel movement. To distinguish
proctitis from acute transient radiation injury,
these symptoms should occur after 6 months.
It is graded according to Radiation Therapy
Oncology Group (RTOG) late morbidity

scoring scheme as follows.”

grade 0 None

grade 1 Mild diarrhea, mild cramping,
bowel movement 5 times
daily, slight rectal discharge
or bleeding.
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grade 2 Moderate diarrhea, colic ,
bowel movement >5 times
daily, excessive rectal mucus
or intermittent bleeding

grade 3 Obstruction or Bleeding
requiring blood transfusion
or nonsurgical hospitalization

grade 4 Necrosis, Perforation, fistula
requiring surgical intervention
grade 5 Death directly related to

radiation late effect

The severity of radiation proctitis also
can be graded endoscopically according to

Gilinsky (12) et al. as follows.

grade 1 erythema + telangiectasia,
edema, thickening, pallor
grade 2 above plus friability

grade 3 ulceration + necrosis

Biological effective dose models
have been shown to be of special interest
in gynecological radiotherapy due to four
factors®

- the combination of teletherapy with
brachytherapy

- the significant risks of normal
tissue injury

- the highly inhomogeneous dose
distributions

- the use of either low dose-rate
or high dose-rate brachytherapy

Currently, the most commonly used

model is the linear quadratic, which reproduces

the main features of cell survival curves using
a minimum number of adjustable parameters,
and has the advantage of being able to
distinguish between early and late responding

tissues.

OBJECTIVE

1) To evaluate the frequency and severity of
late rectal complications, in cervical
cancer patients treated with radiotherapy
alone.

2) To assess the correlation between the
biological effective dose (BED) delivered
to the rectum and the development of late

rectal complications.

MATERIALS AND METHODS
Patients entry criteria and evaluation

All medical records of survived
cervical cancer patients, treated in Section of
Radiation Oncology, Maharaj Nakorn Chiang
Mai Hospital from January 1995 to June 1997
were reviewed.

Eligible patients were those with stages
IB to IIIB disease (International Federation
of Gynecology and Obstetrics, FIGO) and
histologically proven cervical cancer. All
patients had completed radiotherapy for at least
6 months before included for the study.
Patients with incomplete treatments, or who
received previous abdominal and pelvis
irradiation or surgery, and who also received
chemotherapy were excluded. All data from
the records and radiographs were available

and completed for the study. Patient’s



characteristics, radiation factors, and radiation
proctitis symptoms were collected from the
medical records. Patients and tumor charac-
teristics of the eligible 76 patients are listed in

Table 1.

Treatment
Radiation treatment was delivered with
a combination of external beam and high dose

rate intracavitary radiation.

External radiation

All patients started treatment with
external beam irradiation delivered by a
cobalt unit or 4-10 MV linear accelerator
through anterior-posterior opposed fields or a
four-fields box technique. The anteroposterior
fields extended superiorly to the L4-5
interspace level and inferiorly to the lower
margin of obturator foramen. Laterally, the
field extended 1.5-2 cm. outside of the true
pelvis. The daily fractionation was 2 Gy at
the midplane, 5 fractions per week. The mean
total dose given by the external radiation was
52.8 Gy (range 44-60 Gy). A 4 cm width
midline shield for the bladder and
rectosigmoid after 40-50 Gy of whole pelvis
irradiation was usually practice. A mean
dose of 49.8 Gy (range 40-60 Gy) was

administered to the whole pelvis.

Intracavitary radiation

Intracavitary treatment was delivered
by Cobalt sources from a High Dose Rate
remote control afterloading unit (Ralstron 20B).
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The applicator was Henschke’s type,
consisting of intrauterine tandem and two
nonshielded ovoids. (Figure 1). Usually, 4-6
intracavitary insertions were carried out. The
first intracavitary insertion was performed in
the third or fourth week of external beam
radiotherapy, once or twice a week. On the
days designated for intracavitary treatment,
this treatment replaced the external beam
radiation. The dose per fraction planned at
point A was 5 to 7.8 Gy. Point A was
defined as 2 cm above the external os and
2 cm lateral to the axis of the intrauterine
tube.

A flexible rectal lead tube was
inserted in the rectum in every insertions to
indicate the anterior rectal wall and identify
points of measurements. Before start of
radiation, placement of the applicator was
verified by two orthogonal fluoroscopic
images. Treatment planning, using a personal
computer planning program, was carried out
and individualized for each patient according
to disease extent, source geometry, and
the rectal dose. A total of four to six
intracavitary treatments were planned for each
patient.

After the insertion, two orthogonal
films were reviewed and the points of dose
were calculated. The rectal reference point dose
was obtained on the lateral radiograph from a
transverse line drawn from the center of the
intravaginal source to the anterior rectal wall
(Figure 2). On the anterior-posterior (AP)

radiograph, these rectal reference points were
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centered between intravaginal sources at
midline. The calculated doses at reference
points were delivered by a treatment planning
system (Computed Medical System-CMS).
In patients treated with a line source
(tandem and cylinder) the rectal dose was not
calculated since, with this arrangement,
the rectal point of reference was not defined

uniquely. Treatment characteristics of 76

patients are listed in Table 2.

Grading of severity

The medical records of eligible
patients were reviewed for the symptoms of
radiation proctitis. All eligible patients had
completed radiotherapy for at least 6 months
before enrolled for the study. Symptoms of
radiation proctitis defined as

1. Rectal irritation including tenesmus

2. Frequent loose bowel movements.

3. Presence of mucus or blood in the

stool.

The eligible patients who have no
symptom of radiation proctitis as described
above will be assumed to be grade 0 by RTOG
and will not be sent for sigmoidoscopy,
patients who have symptoms of radiation
proctitis will be contacted by letter for follow
up, clinically grading according to RTOG late
morbidity scoring, patients with grade 1-4 were
selected for sigmoidoscopy for grading
and biopsy. Recorded video were reviewed
and grading according to Gilinsky score by
double-blind endoscopist who was blinded to

the patients’ status.

Biological Effective Dose (BED)
calculation

The linear quadratic model was
originally applied to fractionated radiotherapy
by Fowler and Stern"”, has been refined and
expanded by Barendsen(”, and its use has been

reviewed by Fowler'®

. The basic equation
defines the amount of radiation damage (E),
resulting from number of fraction (n) of size

(d) each as.
E=n(Qd+fd ... (1)

where the two coefficients, (! and ,B are
constant and their ratio, Ol/ﬁ, iS an inverse
measure of fractionation sensitivity or recovery
capacity, characteristic of a particular tissue.

The BED is defined by the equation

For early responding tissues, including
many types of tumor, the ratio a/B is equal
to 10 Gy or higher, reflecting the small
shoulder of the dose response curve. For late
responding tissues with larger shoulders and
more repair between fractions, the ratio Otlﬁ
is low, between 1.5 Gy and about 5 Gy. ‘*
In this study, we assume Ot/ﬁ ratio is 3Gy for
late reactions.

In the determination of total BED, the
external irradiation (XRT) and high dose-rate
brachytherapy (HDRB) components have been

summed with all calculations using the same

value of the ratio Ol/ﬂ.



STATISTICAL ANALYSIS
Complications were counted as one
event in each patient, independently of the
number of complication. The complication
score was the largest score. The starting
point of follow up was taken as the date of
beginning of radiotherapy. Comparisons
between two sets of calculated data were made
with the t-test. Correlation of RTOG grading
and endoscopically grading was tested using

Spearman’s rank correlation.

RESULTS

All eligible patients were evaluated
for toxicity. As for January 1998, the median
follow up duration is 13 months (range 6-36
months). The median time for development of
late rectal complications was 9 months after
completion of therapy.

Table 3 shows the frequency of late
rectal complications according to grade and
the number of patients. Overall 26 patients
(26 of 76, 34%) developed radiation proctitis.
Of these, 17 (22%) were mild late rectal
complication (RTOG grade 1-2), whereas 9
(12%) were moderate to severe late rectal
complications (RTOG grade 3-4).

Sigmoidoscopy and rectal biopsies
were performed in 25 patients who had grade
1-4 late rectal complications (25 of 26, 96%),
histopathologic exam revealed only fibrotic
changes and no malignancy in all 25 patients,
Table 4. Of these, 48% (12 of 25) were grade
1, 40% (10 of 25) were grade 2 and 12% (3 of

25) were grade 3 according to endoscopically
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grading (Gilinsky score). The other patient
(1 of 26) had surgical intervention performed
before starting this analysis, January 1998.

Only four patients underwent a
surgical procedure as a result of complication,
two patients for recto-vaginal fistula, one
patient for perforated bowel, and one patient
for bowel obstruction.

Distribution of endoscopically grading
and RTOG grading is shown in Table 5. Twelve
patients who had RTOG grade 1 also had
Gilinsky score grade 1. Fifty percent of
patients in Gilinsky score 2 had mild late
rectal complications (RTOG grade 1-2)
and fifty percent had moderate late rectal
complication (RTOG grade 3). For the most
severe endoscopically grading, Gilinsky score
3, we found only one patient had moderate
late rectal complication (RTOG grade 3) and
the other two patients had severe late rectal
complication (RTOG grade 4). We found a
significantly correlated between the Gilinsky
score and RTOG grading. (Spearman’s rank
correlation coefficient, rs = 0.229, P= 0.03)

The calculated values of total rectal
BED, shown as a histogram in Figure 3, range
from 95.3 Gy3 to 141.3 Gy3 with mean values
of 102.0 Gy3 for all patients, 101.2 Gy3 for
the patients who did not develop complication
and 103.4 Gy3 for the patients who
subsequently developed complications.
A summary of calculated rectal BED statistics
is given in Table 6.

When converted to a graph of late

rectal complication probability, (Figure 4)
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although the numbers are small, the data show
a very definite dose-response. The curve
demonstrates a complication probability of 30%
at the rectal BED 100 Gys and 100% when
the rectal BED > 120 Gys.

In addition, it can be seen from
Figure 5 that the severity of complication
increase with the calculated rectal BED. The
data can be fitted to a sigmoid curve show a

dose-response especially between moderate to

severe and mild degree complication.

DISCUSSION

In our series, 12% of patients
developed late rectal complications, which
were judged to be moderate to severe grade

(RTOG-grade 3-4). This compares favorably

(5.17,18)

]

to results reported by other researchers
the incidence of moderate to severe late
toxicity with HDR brachytherapy is in the
range of 5-30%. Carlos A. Perez et. al @
reported major (grade 3) sequele in
approximately 5% of the patients with stage
I and about 10% with stage II-IVA cervical
cancer treated with low dose rate system. Wang

et. al.*®

reported the S5-year actuarial risk
of rectal complication in patients treated with
HDR intracavitary treatment was 38%. Our
overall late rectal complication, 34%, is
consistent with their analysis.

Although there are many reports
regarding the late rectal complication rate
following radiation therapy in cancer of the

uterine cervix, the grading system used for

late rectal complication is not clearly described.

We selected RTOG late morbidity scoring
scheme for our patients. The grades in RTOG
system were statistically correlated with
the BED values, especially in those with grade
3-4 complications. Patients who had late
rectal complication (RTOG grade 1-4), also
were confirmed with endoscopic examination
and proved by histopathology from rectal
biopsies. We also found the significant
correlation between RTOG grading for
late rectal complications and endoscopically
grading.

The occurrence of late rectal complication
is influenced by many determinants. These
include individual patient radiosensitivity,
treatment-related factors, and rectal reference
point dose. The purpose of this paper is to
describe clinical data showing a very clear
dose response for rectal tissues. We are able
to significantly relate the total rectal BED and
late rectal complication. The difference in
intracavitary BED between the patients who
developed moderate to severe complications
and those who did not, given in Table 6, shows
no significance (p = 0.95), whereas there is a
significant difference between the rectal BED
from external beam therapy (p = 0.03). This
is possibly because of pre-calculation by a
personal computer planning program before
starting the intracavitary treatment, and the
rectal dose were limited to less than 40%
of dose to point A. These patients received a
nearly uniform rectal dose from the intracavitary
treatment, mean of calculated of rectal dose to

point A is 41.1 + 6.9% compare to 55 + 25% in



other study ©. _

The standard deviation (SD) of the
intracavitary rectal BED was lower than
the SD of external beam BED (Table 2),
demonstrated that almost all the patients
received a uniform dose from intracavitary
treatment and the variation in dose was
almost entirely due to external beaﬁ
treatment. According to the significant
difference (p=0.03) of rectal BED from
external irradiation between the patients who
developed moderate to severe late rectal
complication and those who did not, the rectal
dose from external irradiation should be
evaluated carefully concerning an isodose
distribution in each patient.

Using the linear quadratic model
applied to our clinical results, we found a
tolerance value of approximately 100 Gys. This
could correspond, for example, to a tumor
dose prescription of 46 Gy external beam
irradiation delivered in 23 fractions, with 4
fractions of 7.25 Gy of each HDR
brachytherapy. The rectal reference point dose
is not more than 40% of point A dose.

Clark et. al.®’ have reported a
threshold for complications at 125 Gys. In
terms of dose, it correspond to a tumor dose
prescription of 46 Gy external beam treatment
in 23 fractions and HDR brachytherapy
fractions of 8 Gy each intracavitary delivered
in 3 fractions, the rectal reference point
dose is 70 % of point A dose. The biological
effective dose of their analysis were

calculated by using the rectal reference point
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defined by the International Commission of
Radiation Units and Measurements (ICRU),
Report 38. In addition of their first analysis ©,
the rectal dose was calculated at the ICRU
defined point 5 mm behind the posterior
vaginal wall, which, in approximately 90% of
patients, does not coincide with the rectal wall
as visualized with the contrast agent in the
rectum. So the rectal dose at reference point
of ICRU is higher than our study because it is
closer to intracavitary applicator.

Ogino et. al."® reported that the
cumulative ICRU rectal dose, calculated as
the biological effective dose (BED), was
significantly correlated with the incidence of
late rectal complication. They recommended
BED of lower than 146 Gy for healthy tissues
in patients with advanced disease to keep
rectal complication rate less than 10%.

Our tolerance value may also be
compared with clinical results in treatment
of the head and neck region. For example,
the BED threshold for late effects with
external beam irradiation in the head and
neck region has been found to be 100 Gys for
30 fractions of 2 Gy and 117 Gys for 35
fractions of 2 Gy."?

As a result of this analysis, our
fractionation schedule may be reduced below
the threshold value of 100 Gys by ensuring
that the dose to the rectal reference point is
40% or less than the prescribed dose, bringing
the risk of late complication down to an

acceptable level.
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Table 1. Baseline characteristics of patients included in this study.

Age (years)
Range 28-83
Mean + SD 53.8 +2.8
Pathology
Squamous Cell Carcinoma 68 89.5%
Adenocarcinoma 8 10.5%
Stage
1B 2 2.6%
A 3 4.0%
IIB 41 54.0%
1A 1 1.3%
1B 29 38.1%
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Table 2. Treatment characteristics.

1. External beam irradiation No of patients Percent
1.1 Energy '
I0OMV  X-ray 1 1.3%
6MV X-ray 32 42.1%
4MV X-ray 21 27.6%
Co-60 22 29.0%
1.2 Technique
AP/PA 46 60.5%
4 fields box technique 30 39.5%
1.3 External BED '
Range 66.7 - 100.0
Mean + SD 75.1 + 18.9

2. Intracavitary brachytherapy

Intracavitary BED
Range 14.3 - 46.6
Mean + SD 27.0 + 8.7

3. Total Rectal BED
Range 95.3 - 141.3
Mean + SD 102.0 + 27.5

4. Percent of rectal dose to point A
Mean + SD 411 +£ 6.9
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Table 3. Late Rectal Complications (RTOG).

Table 4. Endoscopically Grading of Radiation Proctitis (Gilinsky Score).

Grade No. Percent
0 50 65.8
1 13 17.1
2 4 5.2
3 6.6
4 4 5.3
Total 76 100

Grade No. Percent
1 12 48
2 10 40
3 3 12
Total 25 100
Table 5. Gilinsky score and RTOG grading.
RTOG
Gilinsky Score Grade 1 Grade 2 Grade 3 Grade 4
(No.) (No.) (No.) (No.)
Grade 1 12 - - -
(n=12)
Grade 2 1 4 5 -
(n=10)
Grade 3 - - 1 2
(n=3)
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Table 6. Analysis of mean rectal BED.

BED Complications | No complications | P-value Moderate P-value
to severe
complication
External beam 75.8 £ 6.5 74.7 + 4.8 0.90 788 +17.6 0.03*
Brachytherapy 279 + 9.0 265+ 63 0.91 264 +95 0.95
Total 1034 + 11.5 101.2 + 6.8 0.90 104.3 +15.5 0.31

Figure 1. Anterior-Posterior brachy- Figure 2. Lateral brachytherapy

therapy treatment radiograph treatment radiograph
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Figure. 3 The distribution of late rectal complication with
respect to the calculated total rectal BED
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Figure. 4  Probability of late rectal complications with respect to mean total rectal
BED (Gys).
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Figure. 5 The correlation between mean calculated total rectal BED and late rectal

complication grading.
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The uniformity index of implantation in high dose rate brachytherapy

C. Jumpangern, J. Pataramontree

Radiotherapy Section, The King Chulalongkorn Memorial Hospital, Thai Red Cross Society,
Bangkok 10330

Abstract

The planning score of an implantation in high dose rate brachytherapy can be
evaluated by the dose volume histogram. It is a mean to evaluate the overall dose
distribution within a specified volume showing degree of dose uniformity of that treatment
planning. The uniformity indexes are about 3.0 for double plane, 1.5 for single plane, 1.0 for
single line source. The study shows that the degree of uniformity index depends on geometry
of source, the method of calculation: optimization or non optimization as well as the

reference level of prescribed treatment dose.
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1] Vv 1 H
(discharge) NlAnnseslspuziss snunamidn Tsauzide Taglisudsdinne Miuifaans, wuns,
H U Vv
1Aaa, 999152, IHesnINdvdsnnumaiiilinaiay

NANIIANBN

)4 v
Taswsndeya namsinziFeuvaiise wazawhrerfiuzasudifeu fgueu 2540-3amau
g, « a o
2541 mdu T 58 1o Taedneazideadis 9 Al

g  a ) ~ o as L4 W o A‘ W 1
1 wawnzBauvafiSeludihe s8 518 wanuesiSssauaduannlunises lagedi (Hih ey
WUIBBLUATLSY 4NN 1 1iA)

3o WU (%)
1. Pseudomonas aeruginosa 21 (25.9%)
2. Proteus spp. 19 (23.4%)
3. Klebsiella spp. 11 (13.5%)
4. Staph aureus 9 (11.1%)
5. Streptococcus spp. 7 (8.6%)
6. E.coli 7 (8.0%)
7. Enterobacter spp. 5 (6.1%)
8. Acinatobacter spp. ' 1 (1.2%)
9. Providencia spp. 1 (1.2%)

] 2/
AITWA 2 UAAINITUINUIINANITINISIZBUVATILSY

2. waniswzidauuaiseludthefinuwuafiiSeainnin 1 o6iae
& vy v “ A A X X a '
Tudnnudiheimun 58 510 Adthe 22 519 Rllnamawzide wulsuuanFeunnn
a a & o v a X 4 ¥ o v w o
1 ¥iia Ay 38% wesRthovisnun neazideaveasefinusindy lauaasdmsan 3

o Fmmiie
Ps+proteus 7
Klebsiella+proteus 5
Ps+Klebsiella 1
Ps+Enterobacter 1
E.coli+proteus 1
Ps+Streptococcus 1
E.coli+Klebsiella 2
Ps+providlencia 1
Klebsiella+Acinatobactor 1
streptococcus+staphyllococcus spp. 1
Ps.+klebsiella+Enterobaetor 1

=1 o 2y < -~ & < , - y = .
AITNN 3 uﬂﬂ\‘iW?u?ﬂ&lﬂ?ﬂnWﬂﬂ?iﬂm?f@Ul/ﬂmiwﬂf)ﬂﬂ 1 yum ?uﬁdﬁ'ﬂﬂi?mﬂﬂaﬂu

(Ps=Pseudomonas aeruginosa)
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deananndiholsausifedsuzuazae  uasitholsausi5edu q
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3.1 HAaLNIZL a’ﬂ'\nu:l?ﬂﬁiﬂ:ua:ﬂa (ﬂdﬂﬂ:LiQﬂﬁuﬂvuﬂjaﬂauu’lL‘Hﬁaﬂ)

\Ha ImIn(318)
Pseudomonas aeruginosa 9
Proteus spp. 8
Klebsiella spp. 7
E.coli 5
Streptococcus spp. 5
Staphyllococcus spp. 3
Enterobactor 2
Acinatobactor 1

N 40

=l & < o/ i & a ~
FAITWN 4 HAAIMTUIAUINNANTIIWISIYBULANLTY ﬂ?ﬂﬁyl/?ﬂﬂglidl/ﬂ?mﬁiy:;“ﬁ:ﬂa

A < =, [}
3.2 WHAMSNIZBaINNSIUINmM an 9

Ha MIN(318)
Pseudomonas aerugirosa 12
Proteus 1
Klebsiella 4
Staphyllococcus aureus 6
Streptococcus  spp. 2
E. coli 2
Enterobactor spp. 3
Providencia 1

R LY 41
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1IN 5 UAANATITUIAUIINANITIWISIYBULANLTEY ﬂ’lnf“!llaﬂﬂcﬂfqyﬂamau 9
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4.5 Streptoccccus spp  (VIMNA 7 910)

B Swawmgihediladas
Ampicillin 6 (85.7%)
Lincomycin 6 (85.7%)
Meticillin 6 (85.7%)
Chloramphenical 5 (71.4%)
Erythromycin 5 (71.4%)
Penicillin 4 (57.1%)
Cefazolin 4 (57.1%)
Co-trimoxazole 1 (14.2%)
Norfloxacin 1 (14.2%)

= ' ad &
FI13INWN 10 llﬂﬂ\?ﬂ?‘l.ﬂ??ﬁaﬂn]ﬂﬁ?u:‘uaﬂﬂa S[I‘Cp[OCCOCCUS Spp.

[} ad & aa ] a aa " v
(rnuvg)  msnenuraanybdeslfzuzveaseuvaiiisemavesdffnms 1ila

nadeuaNNhdmiunmndludsdinnvesdthoudazne
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90 uazasy
- 1 P-4 o o

AWANITIANET WUIT LFDUUANLIY
d' 1 9/ ' ! " 2:
nwudeeslaunngu gram negative rod 19
Enterobacteriaceae uay Pseudomonas
aeruginosa IABWUTINAYU §9 80.3 % diun

8/

wideldun welungu Streptococcus spp. (8.6%)
waz Staphyllococcus arureus (11.1 %)

X a4 A v v W v oy

L%ﬂllﬂﬂﬂlﬁUﬂWU"lﬂ 5 UABLIA l,lﬂl,l,f’l
Ps. aeruginosa (25.9%) Proteus spp. (23.4 %)
Klebsiella spp. (13.5%) Staphyllcoccus aureus
(11.1%) , waz Streptococcus spp. (8.0%)

4 o . : ' 2

eueniihvesnilunguuziiefsyy

1 4' ] 4‘!’ < d' )

HazAa Wasnguau g wum L%BLLUﬂ‘VILiU'ﬂWULﬂu
dudu 1 il 3 denuilu Ps.aeruginosa, Proteus

spp., Klebsiella spp auday
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Aminoglycoside N)nMGIRoLAUBIAIUNITSAEN
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L%ﬂﬂtjn Enterobacteriaceae llae Pseudomonas.
aeruginosa
dawanuhdeslfdiuz  veudengu
gram positive cocci lumsAnmaseiidsliamnse
v oA 5 vy o v v
ayflaiiesnindnudihoddeudetion
aenglsimu lunenunanageuanbde
ofruzeajianmshildvhmmadou slfiue

nadudidennagevlunndlemansuauadlia
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4. Namim'samwvlwiamﬂﬁﬂ’mzwmL%ﬂttﬂﬂﬁﬁﬂﬁﬂﬂ‘l%é’ﬂ?ﬂ‘l% UL 1 09 5

v
4.5 Pseudomonas aeruginosa (37uM3nuA 21 918)

81 swamdiheilbdesn
Amikacin 19 (90.4%)
Gentamycin 17 (80.9%)
Netilmycin 17 (80.9%)
Ceftazidime 13 (61.9%)
Cefuroxime 6 (28.5%)
Ciprofloxacine 5 (23.8%)
Sulpyrazone 4 (19%)
Ceftriaxone 2 (9.5%)
Cefotaxime 2 (9.5%)
Cefazoline 1 (4.7%)
Cefoxitin 1 (4.7%)

d' J oo 4” .
A13597 6 uaninulanee1ljyiuzvaase Pseudomonas aeruginosa

4.2 Proteus spp (5iN¥iaviua 19 $19)

B Swamdihoiilidas
Gentamycin 18 (94.7%)
Amikacin 15 (78.9%)
Kanamycin 14 (73.6%)
Ampicillin 13 (68.4%)
Chloramphenical 13 (68.4%)
Cotrimoxazole 13 (68.4%)
Ceftriaxcne 11 (57.8%)
Cefoxitin 9 (47.3%)
Cefotaxime 6 (31.5%)
Netilmycin 4 21%)
Cefuroxime 4 (21%)
Tetracycline 2 (10.5%)
Cefamandole 1 (5.2%)
Ciprofloxacin 1 (5.2%)
Cefsulodine 1 (5.2%)

4' U ad 491
A5 7 uaneannlieenijyius veave Proteus spp.




4.3 Klebsiella spp (5 uviaviua 11 919)
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g Swamgiheiildas

Gentamycin 11 (100%)
Chloramphenical 10 (90.9%)
Kanamycin 9 (81.8%)
Co-trimoxazole 9 (81.8%)
Netilmycin 5 (45.4%)
Cefuroxime 5 (45.4%)
Ceftriaxone 5 (45.4%)
Tetracycline 5 (45.4%)
Cefotaxime 4 (36.3%)
Amikacin 4 (36.3%)
Cefoxitin 2 (18.1%)
Cefazoline 1 (9%)

Cefamandole 1 (9%)

A | - & .
M15N 8 uamnnuleenjyiusvease Klebsiella spp.

v
4.4 Staphyllococcus aureus (IUTNVINA 9 519)

g Swmgihedilisiann
Chloramphenical 7 (77.7%)
Co-trimoxézole 7 (77.7%)
Cefazolin 5 (55.5%)
Lincomycin 5 (55.5%)
Erythromycin 4 (44.4%)
Cefoxitin 3 (33.3%)
Penicillin 2 (22.2%)
Cefamandole 2 (22.2%)
Meticillin 2 (22.2%)
Kanamycin 1 (11.1%)
Cefuroxime 1 (11.1%)

= ] ad &
F1TWN 9 uﬁmmw'zmamﬂmnu:‘uadwa Staphyllococcus aureus
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4.5 Streptoccccus spp (ViU 7 110)

, iy swandiheildam
Ampicillin 6 (85.7%)
Lincomycin 6 (85.7%)
Meticillin 6 (85.7%)
Chloramphenical 5 (71.4%)
Erythromycin 5 (71.4%)
Penicillin 4 (57.1%)
Cefazolin 4 (57.1%)
Co-trimoxazole 1 (14.2%)
Norfloxacin 1 (14.2%)

4’ J o dv
M13197 10 uaseanulAee1ljyiusvaase Streptoccoccus spp.

1 ad 4" = = v - sy wm v
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ﬂwuuaﬂ'lmmnqu gram negative rod M
Enterobacteriaceae lac Pseudomonas
aeruginosa IAoWUTINAU §9 80.3 % daud
v & v
wielaun 13alungu Streptococcus spp. (8.6%)
uaz Staphyllococcus arureus (11.1 %)
g = = 4 % o as )% 1
Wwouuanizenwula 5 duduusn laud
Ps. aeruginosa (25.9%) Proteus spp. (23.4 %)
Klebsiella spp. (13.5%) Staphyllcoccus aureus
(11.1%) , waz Streptococcus spp. (8.0%)
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enenghveaniilunguuziiefaue
' 4' ] A&‘ = 4' [
HacAd wasnguau g wun L%E]LLUFWILSUVIWUL']J‘H
Sudvu 1 fis 3 depailu Ps.aeruginosa, Proteus

spp., Klebsiella spp muaau
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Vv
aaiy  delimmnseagdfenahvesedfaus
Tanne

L]



V=1S035mnd 59

UTWINNIN

Robert F. Infection in patient with
neoplastic disease. In : John M eds. Manual
of oncologc - therapeutics. 3rd ed.
Philadelphia ; J.B. Lippincott , 1995 :
415 - 429.

2. Kenneth R, Grald B. Infectio in patients

with cancer . In : James H eds. Cancer
medicine. 3" ed. Pensylvania : lea &

Febiger ,1993 : 2416-2441.



